Coronary Artery Bypass (OPCAB) surgery is gaining more popularity worldwide. The aim of this United Kingdom (UK) multi-center study was to assess the early clinical outcome of the OPCAB technique and perform a risk-stratified comparison with the conventional Coronary Artery Bypass Grafting (CABG) using the Cardio-Pulmonary Bypass (CPB) technique. Methods-Data were collected on 5,163 CPB patients from the database of the National Heart and Lung institute, Imperial College, University of London, and on 2,223 OPCAB patients from eight UK cardiac surgical centers, which run established OPCAB surgery programs. All patients had undergone primary isolated CABG for multi-vessel disease through a midline sternotomy approach, between January 1997 and April 2001. Postoperative morbidity and mortality were compared between the CPB and OPCAB patients after adjusting for case-mix. The mortality of the OPCAB patients was also compared, using risk stratification, to the mortality figures reported by the Society of Cardiothoracic Surgeons of Great Britain and Ireland (SCTS) based on 28,018 patients in the national database who were operated on between January 1996 and December 1999. Results-Morbidity and mortality were significantly lower in the OPCAB patients compared with the CPB patients and the UK national database of CABG patients, over the same period of time, after adjusting for case-mix. Conclusion-This study demonstrates that risk stratified morbidity and mortality are significantly lower in OPCAB patients than CPB patients and patients in the UK national database. (Circulation. 2003;108[suppl II]:II-1-II-8.)
O ff-Pump Coronary Artery Bypass (OPCAB) surgery is gaining more popularity worldwide. 1 The theoretical and proven disadvantages of the use of the Cardio-Pulmonary Bypass (CPB) for multi-vessel Coronary Artery Bypass Grafting (CABG) has prompted many cardiac surgeons in the United Kingdom (UK) to convert to OPCAB practice in their units. 2 To date, no collective data on the initial OPCAB experience in UK is available.
The aim of this UK multi-center study was to assess the early clinical outcome of the OPCAB technique and perform a risk-stratified comparison with the established CPB technique.
Patients and Methods

Clinical Data Collection
All the clinical data were collected prospectively in line with the appended Minimum Dataset (MDS) defined by the Society of Cardiothoracic Surgeons of Great Britain and Ireland (SCTS). The current MDS, and its associated definitions, is compatible with all existing initiatives in the UK such as UK Heart Valve Registry, the Central Cardiac Audit Database (CCAD) and the British Cardiac Intervention Society database (BCIS). The definitions and data fields are also compatible with evolving European initiatives and the Society of Thoracic Surgeons, American College of Cardiology and the Healthcare Financing Administration (HCFA) in the US. 3 Local validation of the collected data are performed regularly and external validation is being performed by the SCTS on 3 to 5-year cycle. An institutional approval was obtained for the study. 
CPB Group
Data were collected on 5163 patients from the local database of the National Heart and Lung institute, Imperial College, University of London, who underwent first time isolated CABG for multi-vessel disease (more than one vessel) using CPB through a midline sternotomy approach between January 1997 and April 2001. Some data for this group were missing so the totals displayed in the results are often less than 5163.
National Database
The SCTS report describes 28 018 patients who underwent first time isolated CABG between January 1996 and December 1999 in all UK hospitals that contribute to The National Adult Cardiac Surgical Database, which is managed by the SCTS. 3 The report does not differentiate patients into OPCAB and CPB groups and hence we undertook the task of collecting the OPCAB data from eight UK centers that run established OPCAB programs using the same technique and single-type suction/stabilization system. The report contains overall mortality values stratified by the Parsonnet scoring system.
Statistical Analysis
Morbidity and mortality of OPCAB patients were compared with that of the CPB patients and the patients in the UK national database, after adjusting for case-mix. The UK CABG Bayes risk scoring system was used for risk adjustment in the comparison between OPCAB and CPB groups as it had exhibited good calibration and discrimination for both groups of patients in previous studies. 3, 4 The Parsonnet risk scoring system 5 was used for the national comparison since the values published in the SCTS report had been adjusted for case-mix using this system. It was only possible to calculate the Parsonnet score for 1515 patients in the OPCAB group due to the presence of missing values for some of the risk factors. The UK CABG Bayes score was calculated for every patient since it does not require all risk factor values to be present. 3, 4 To compare morbidity, we divided the patients into 3 risk groups: low risk (Ͻ2.5%), moderate risk (2.5% to 9.99%), and high risk (Ն10%), according to risk scores obtained using the UK CABG Bayes system. Postoperative complications were then compared between the CPB and OPCAB patients using either Pearson's Chi-square test or Fisher's Exact test within each risk group. In accordance with our analysis plan we performed a complete case analysis for each morbidity outcome, resulting in different denominators in the CPB group because of missing data.
We used multiple logistic regression analysis to compare mortality between the OPCAB and CPB groups. We adjusted for case-mix by including indicator variables in the regression model to represent 6 patient risk groups, constructed using the UK CABG Bayes scoring system. The cut-points of 2.5%, 5%, 10% 20%, and 30% for these risk groups were chosen according to those used by the Society of Thoracic Surgeons (STS). 6 An indicator variable was also used to denote the OPCAB/CPB grouping. Likelihood ratio tests were used to assess statistical significance. For the national comparison the procedure was the same although we used indicator variables to adjust for case-mix based on the 5 Parsonnet risk groups presented in the SCTS report. 3 Probability values less than 0.05 indicate a statistically significant difference (at the 5% level) between the OPCAB and CPB outcomes. All analyses were carried out using the statistical software Stata 7 (Stata Corporation, College Station, TX).
Operative Technique
No randomization was involved in this cohort of patients and the individual operating surgeon made the decision to perform an operation as either OPCAB or CPB. The percentage of OPCAB The number of CPB patients vary because of missing observations. CPB, cardio-pulmonary bypass; OPCAB, off-pump coronary artery bypass; MI, myocardial infarction; ARDS, adult respiratory distress syndrome; PO, pulmonary oedema; TIA, transient ischaemic attack; CVA, cerebro-vascular accident; IABP, intra-aortic balloon pump; ITU, intensive therapy unit.
practice in the units that contributed the OPCAB data ranged from 50% to 100%. Two of the eight units, who in total contributed 1100 (49.5%) patients, used OPCAB non-selectively for all patients. 2 All the surgeons that contributed in this study performed their OPCAB operations using a single type stabilizer, Octopus® II or III suction/ stabilization system (Medtronic Inc). The operative technique was reported in detail elsewhere 7 and is beyond the scope of this study.
Definition of Preoperative Characteristics
Nonelective operative priority was defined as the necessity to operate on the patient in the next available operating list within the same week of referral (urgent cases), or the necessity to take the patient to theater out of normal working hours (09:00 AM to 17:00 PM) and before the next morning's operating list (emergency cases). Cerebrovascular disease was defined as the past occurrence of a single episode of Cerebro-Vascular Accident (CVA) or Transient Ischemic Attack (TIA). Peripheral vascular disease was defined by the presence of a clinical or angiographic evidence of an acute or chronic ischemia of the upper or lower limbs.
Definition of Postoperative Morbidity Outcomes
Peri-operative Myocardial Infarction (MI) was diagnosed when one of the following was observed: (1) new Q waves in the ECG (ECG);
(2) CK-MB Ͼ50 with ECG changes; or (3) CK-MB Ͼ70 without ECG changes. Low Cardiac Output (LCO) was diagnosed when the systolic arterial blood pressure was persistently Ͻ90 mm Hg; or the mean arterial blood pressure was persistently below Ͻ50 mm Hg despite appropriate fluid management and requiring inotropic or vasoconstrictor therapy. Atrial Fibrillation (AF) was identified by cardiac monitoring and confirmed by 12-lead ECG. Pulmonary complications were diagnosed by chest radiograph. Neurological complications included transient strokes (TIA) in which symptoms lasted Ͻ24 hours and permanent strokes (CVA) in which symptoms were permanent and lasted Ͼ24 hours. Infective complications were diagnosed clinically, proved by laboratory culture and sensitivity tests and treated by appropriate antibiotics accordingly. Renal Impairment was identified by the postoperative rise in serum Creatinine (Cr) more than three times the preoperative level or the rise twice the preoperative level accompanied with poor urine output of Ͻ0.5 mL/Kg/hr, requiring diuretics or inotropes but not requiring dialysis.
Results
Evolution of the Off-Pump Technique Over Time
The number of OPCAB operations in our sample increased over time with 1,325 (59.6%) operations in 2000 compared with just 452 (20.3%) in 1999.
Preoperative Characteristics
The preoperative characteristics of the OPCAB and CPB groups are presented in (Table 1) to give an idea of the risk profiles of the 2 groups. We only focus on results that were both clinically and statistically significant. There were a higher percentage of octogenarians and patients with CCS scores 3 and 4, hypercholestrolaemia and Chronic Obstructive Airway Disease (COAD) in the OPCAB group. The CPB group had a higher percentage of patients with poor Left Ventricular (LV) function as reflected by having Ejection Fraction (EF Յ30%).
Postoperative Morbidity
The results for the morbidity outcomes in the 3 risk groups are presented in (Tables 2-4) respectively. Table 5 contains a summary of the differences observed for the morbidity outcomes and the associated probability values between the OPCAB and CPB patients, with significant probability values (at the 5% level) highlighted in bold. For the CPB patients there was a significantly higher percentage of cases with LCO, requiring ventilation for Ͼ24 hours, pulmonary and renal complications and readmission to the Intensive Therapy Unit (ITU), across all risk groups. There was a higher percentage of arrhythmia observed for the CPB patients 
The number of CPB patients vary because of missing observations. CPB, cardio-pulmonary bypass; OPCAB, off-pump coronary artery bypass; MI, myocardial infarction; ARDS, adult respiratory distress syndrome; PO, pulmonary oedema; TIA, transient ischaemic attack; CVA, cerebro-vascular accident; IABP, intra-aortic balloon pump; ITU, intensive therapy unit.
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(except for the VT/VF type arrhythmia in the medium risk group).
Postoperative Mortality
UK CABG Bayes Adjusted Comparison
The numbers of deaths observed in each of the 6 risk groups are presented for the CPB and OPCAB patients in ( Table 6 ).
The odds ratio for mortality for CPB patients compared with OPCAB patients was 2.34 (95% CI: 1.56 to 3.49), indicating that CPB patients were more than twice as likely to die, after adjusting for case-mix. This result was statistically significant (PϽ0.001). We note that the odds ratio may be interpreted as a risk ratio since the risk of mortality is relatively low. Near identical results were obtained when we risk adjusted using the Parsonnet score (results not shown).
Parsonnet-Adjusted National Comparison
The numbers of deaths observed in each of the 5 risk groups are presented for the CPB and OPCAB patients in (Table 7) . The odds ratio for mortality for CPB patients compared with OPCAB patients was 1.85 (95% CI: 1.19 to 2.92), indicating that the risk of mortality for CPB patients was 85% higher than that for OPCAB, after adjusting for case-mix. This result was also statistically significant (Pϭ0.003).
Discussion
This study, based on the first multi-center OPCAB data collected in the UK, concludes that OPCAB surgery is associated with a lower risk of both morbidity and mortality than the CPB technique. The conclusion is based on a risk-stratified comparison with CPB patients and with the UK national database of CABG surgery.
The findings of the present study conform with the results of two recently reported studies, performed on large-size multi-center database sets in the United States, that have suggested that OPCAB is associated with lower risk-adjusted early mortality than the CPB technique. 8, 9 Furthermore, 1 of these studies 8 and 2 further US studies 10,11 demonstrated reduced risk-adjusted morbidity with the OPCAB technique in agreement with our findings. However, the present study provides two additional important contributions to the literature. Firstly, the study is risk-stratified rather than riskadjusted and thus shows the distribution of the morbidity and mortality outcomes across low, moderate and high-risk groups. Secondly it describes the first multi-center comparative data at both UK national and European levels.
Prospective randomized trials have shown that the relatively new OPCAB technique provides a comparable early clinical outcome to the established CPB technique that has been continuously refined over more than three decades. 12, 13 However, they have not shown any conclusive evidence of superiority of one technique over the other. This may be because of the recruitment of cardiac surgical patients with relatively low surgical risk profiles, perhaps because of ethical considerations. 14 Therefore, multi-center observational studies, case-matched studies and retrospective series analyses involving large patient groups are useful in reflecting the full picture of the performance of the 2 techniques, and avoids the limitations of individual and local small comparisons that may yield no firm or conclusive results. Furthermore, it has been shown that over the last 2 decades, the results from large observational studies have not been significantly different from those of prospective randomized controlled trials in the medical literature. 15 Risk models, by objectively stratifying patients according to the severity of their disease, provide important tools to The number of CPB patients vary because of missing observations. CPB, cardio-pulmonary bypass; OPCAB, off-pump coronary artery bypass; MI, myocardial infarction; ARDS, adult respiratory distress syndrome; PO, pulmonary oedema; TIA, transient ischaemic attack; CVA, cerebro-vascular accident; IABP, intra-aortic balloon pump; ITU, intensive therapy unit.
analyze health outcomes retrospectively, identify and quantify the effects of changes of techniques or management and allow valid comparisons to be made across time between nations, institutions and even individual surgeons. 16 We decided to use two risk stratification systems in this study: The Parsonnet score and The UK CABG Bayes Model. The Parsonnet system was developed in the US and is probably the most widely used method of 'stratifying open heart operations into levels of predicted operative mortality' worldwide. 5 The UK CABG Bayes model is another risk score that was built by the SCTS to be used for CABG patients in the UK 3 and was validated on this database set in a recently reported study. 4 Using these two risk scores for risk stratification in this dataset showed significant reduction in the mortality of the OPCAB group. Applying the risk-stratified comparison to the morbidity outcomes, a similar significant reduction of the morbidity of the OPCAB group could be demonstrated.
The incidence of pulmonary complications whether parenchymal or extra-parenchymal, and consequently the incidence of re-intubation/tracheostomy and the requirement for artificial ventilation for more than 24 hours, was significantly higher in the CPB than OPCAB patients and consistently so across the 3 risk subgroups. The theoretical reasons for CPB-related mechanisms of pulmonary complications have been previously widely reported. 17, 18 The reduced pulmonary complications in with the OPCAB technique found in this study is not in keeping with previously reported studies finding no effect of CPB on the alveolar-arterial gas exchange. 19, 20 The recruitment of small numbers of low risk surgical patients could be a possible explanation in those studies.
Interestingly, the incidence of extra-parenchymal pulmonary complications, particularly pleural effusion, was persistently higher in the CPB. This could be due to the more postoperative blood loss in CPB. 21 The consistency of the significant difference in the extra-parenchymal complications across the three risk groups makes it difficult to attribute them to differences in local practice in terms of opening the pleurae or meticulous hemostasis.
The incidence of renal dysfunction following OPCAB was significantly lower than CPB across the three risk subgroups, which concurs with the previously suggested renal protective effect of OPCAB. 22 The incidence of LCO was significantly and consistently higher in CPB across the three risk subgroups. Consequently postoperative IABP insertion reached statistical significance in the moderate and high-risk subgroups. The difference in concept between the regional ischemia caused by OPCAB and the global ischemia caused by the CPB with aortic cross-clamping is thought to be the rationale behind the previously reported myocardial protective effects of OPCAB, which made it a safe alternative technique for surgical treatment of patients with recent acute MI. 23 It also has been used safely in patients with critical left main stem disease, who were previously thought of as a theoretical contraindication to the OPCAB technique. 24 The higher incidence of serious postoperative complications, particularly requirement of postoperative IABP insertion, renal hemodialysis, mechanical ventilation and/or reintubation or tracheostomy, could be responsible for the significantly higher rate of re-admission to ITU for the CPB patients. The incidence of gross neurological complications, TIA and CVA, was not significantly different between the two groups except in the moderate risk group. This agrees with the results of a recently reported retrospective study of a large series of patients, where aortic manipulation, not CPB, was found to be an independent risk factor for CVA. 25 Although this study is a retrospective review of prospectively collected data, it is likely to suffer from the inherent limitations of observational studies on nonrandomized patient groups. We attempted to control for imbalances between the various patient groups by stratification according to the predicted surgical risk using validated risk scoring systems. However, we were unable to control for other factors such as the patients' difference in extent or distribution of coronary artery disease and the difference in performance between individual surgeons and hospitals.
In conclusion, this study demonstrates that risk stratified morbidity and mortality are significantly lower in OPCAB patients than CPB patients and patients in the UK national database. 
